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(57) A high efficiency vertical cavity surface emitting 
laser (30) including first and second mirror stacks (31. 
37) with an active region (32) sandwiched therebetween 
having an optica] mode. The second mirror stack (37) is 
formed into a mesa with exposed end surface and hav- 
ing outer sidewaJJs and a diametric size substantially 
greater than the optica] mode. A portion (38) of the sec- 
ond mirror stack @7) adjacent the active region (32) has 
a reduced electrical conductance so as to channel oper- 
ating current from the second mirror stack (37) into the 
optical mode of the active region (32). 
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Description 

Background of the Invention 

Held of the Invention 

This invention relates to vertical cavity surface emit- 
ting lasers and more specifically to vertical cavity sur- 
face emitting lasers with a mesa structure and a light 
emission window on the surface of the mesa. 



Prior Art 

Vertical cavity surface emitting lasers are well 
known, and are formed in a wide variety of configura- 
tions. However, the basts for the laser in virtually all con- 
figurations is an active area sandwiched between two 
mirror stacks. The laser is activated by driving an elec- 
trical current through the two mirror stacks and the 
active area. This is generally accomplished by placing a 
first electrode across the mirror stack at one end of the 
laser and a second electrode across the other mirror 
stack at the other end of the laser. One of the electrodes 
generally defines a central opening therethrough for the 
emission of light. 
• s t ^Crfflfi For maximum efficiency and In order to sustain a 
x~u^> ^jngl ejgteral mode, it is necessary that the major por- 
tion of the current be injected into the active region in 
the optical mode o r lasing area. Current outside the las- 
irtg area is generally wasted or produces lasing which is 
wasted. 

To overcome this problem, many devices employ a 
mesa through which the current is injected, having a 
size closely corresponding to tbe-ootical mode . While 
this reduces wasted current or lasing, it results in an 
•«••- ■ - increase in series resistance, reducing efficiency. Also, 
because the area of the top electrode is reduced with 
the reduction in the diameter of the mesa, series resist- 
ance is further increased. While the size of the mesa is 
reduced, the emission window remains the same, caus- 
ing the reduction In the area of the electrode. 

In order to drive the vertical cavity surface emitting 
laser with a conventional current source laser driver to 
GHz, the series resistance of the device must be 
reduced. The specific contact resistance of the top mir- 
ror stack and the top electrode depends on the doping 
concentration. However, the doping concentration is 
constrained by the need to minimize the optical loss due 
to free carrier absorptiorj. Therefore, optimized doping 
alone can not achieve a series resistance low enough 
for GHz operation 

It would be highly advantageous, therefore, to rem- 
edy the foregoing and other deficiencies inherent in the 
prior art. 

Accordingly, it is an object of the present invention 
to provide improvements in vertical cavity surface emit- 
ting lasers. 

Another object of the invention is to provide a verti- 
cal cavity surface emitting laser with a current path 



closely coordinated with the optical mode. 

And another object of the invention is to provide a 
vertical cavity surface emitting laser with a current path 
closely coordinated with the optical mode and having 
5 reduced series resistance. 

SUMMARY OF THE INVENTION 

Briefly, to achieve the desired objects of the instant 
w invention in accordance with a preferred embodiment 
thereof, provided is a high efficiency vertical cavity sur- 
face emitting laser including first and second mirror 
stacks with an active region sandwiched therebetween. 
A portion of the second mirror stack adjacent the active 
is region has a reduced electrical conductance so as to 
channel operating current from the second mirror stack 
into an optical mode of the active region. 

Also provided is a method of fabricating a VCSEL 
wherein the portion with reduced electrical conductance 
so is produced by etching or oxidizing one or a few mirror 
pairs adjacent the active region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 The foregoing and further and more specific objects 
and advantages of the instant invention will become 
readily apparent to those skilled in the art from the fol- 
lowing detailed description of a preferred embodiment 
thereof taken in conjunction with the drawings, in which: 

30 

FIG. 1 is a partial sectional view of a conventional 
vertical cavity surface emitting laser; 
FIG. 2 is a sectional view of an intermediate product 
in the process of fabricating a vertical cavity surface 
35 emitting laser in accordance with the teachings of 
the present invention; and 
FIG. 3 is a sectional view of a vertical cavity surface 
emitting laser constructed in accordance with the 
teachings of the present invention. 

40 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Turning now to the drawings in which like reference 
45 characters indicate corresponding elements throughout^ 
the several views, attention is first directed to Rg.jl. \ 
which illustrates a vertical cavity surface emitting laser 
(VCSEL) generaDy designated 10. VCSEL 10 includes 
a first mirror stack 1 1 , an active region 1 2 having a first 
so cladding layer 13, an active layer 14 (such as quantum 
wells and the like) and a second cladding layer 15, and 
a second minor stack 17. Second mirror stack 17 is 
etched, or selectively deposited, to form a mesa-like 
structure. An electrical contact 20 is famed in contact 
55 with at least the upper end of second mirror stack 17. 
Electrical contact 20 defines a window 22 for the emis- 
sion of light from VCSEL 10 through second minor 
stack 17. A second electrical contact 24 is positioned 
over the lower surface of first mirror stack 1 1 . 
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An operating voltage applied across contacts 20 
and 24 produces a current flow through VCSEL 10 
which produces the lasing action as is well known. In 
general, because of the position of electrical contact 20 
on the surface of second mirror stack 17. current flows 
throughout the mesa-like structure of second mirror 
stack 1 7 and lasing is supported wherever current flows. 
Since current outside the optical mode is wasted and 
may even Interfere with proper operation of the VCSEL, 
.typically, the diametric size of the mes a is dependent 
.upon the moae of operati o n of the vra g lw^^ 
diameter closely niching {he rrjgdR nf nppxafiQQ. IrTtnTT 
manner, current flow is generally limited to the mode of 
operation. The problem is that series resistance, result* 
ing in part from the reduced size of second mirror stack 
. 17, is too high to operate VCSEL 10 in GHz. Convert! 
I 4ipna(ly. in order to susta in a single lateral mode, the/ 
.J s»*e of the mesa is appr oximate! v 10 microns. Furthaif 
increasing resistance is the reduced area of contact 20* 
resulting from the inclusion of emission window 22.' 2 c 
These factors create a lower limit of the series resist- . " 
ance of a VCSEL having a 10 micron mesa to approxi- 
mgtetx JOO Ohms. In order to drive the VCSEL wi th a 
conventional current sourr^ frs^r r\ r ^ ^ t^\ 7 [ thn 
Jggjgs resista nce must be reduced further. ^ 
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merit, alternating layers 37a and 37b of low and high 
aluminum containing AIGaAs adjacent active region 32 
are selectively oxidized in accordance with the alumi- 
num content The layer of the mirror pair having a high 
concentration of aluminum is readily oxidized, reducing 
its electrical conductance. The oxidation in this embodi- 
ment is accomplished by subjecting the exterior walls of 
the mesa-like structure to a nitrogen ambient containing 
water moisture In this ambient the natural oxidation of 
the aluminum causes high resistance portion 38 within 
the mirror pairs adjacent the active region. Alternatively, 
portion 38 of the mirror pairs may be removed by etch- 
ing. Selective wet etching is performed by using diluted 
HF or diluted HCL The majority of second mirror stack 
37 is protected from the etch or oxidation by dielectric 
layer 40. Only one or a few mirror pairs acflacent active 
region 32 are susceptible to the etch or oxidation. The 
optical mode and threshold current can be controlled by 
th3*degree of undercut or oxidation without adverse 
impact on the series resistance. 



Referring to FIG. 2, a vertical cavity surface emitting 
laser 30 (VCSEL) embodying the present invention is 
illustrated. VCSEL 30 includes a first mirror stack 31. an 
active re gion 32 hav ing a first cladding layer 33, an 
active layer34 and a second cladding layer 35, and a 
second mirror stack 37. Second mirror stack 37 is 
etched, or selectively deposited, to form a mesa-like 
structure, as described above. However, in the present 
Invention, the series resistance of VCSEL 30 is lowered 
by increasing the diametric agfi of second mirror stack 
2L. Increasing the diametric size of the mesa-like struc- 
ture greatly .reduces resistance, but also allows current 
flow into active region 32 outside the optical mode. To 
control the current flow into active region 32, the electri- 
cal conductance of a portion 38 adjacent active region 
32 Is reduced. 

Portion 38 includes the outer circumference of one 
or more mirror pairs adjacent active region 32. This is 
preferably accomplished by etching second mirror stack 
37 to form the mesa-like structure, leaving one or more 
mirror pairs 39 (illustrated in broken lines) un etched. A 
dielectric layer 40 is deposited over the mesa-like struc- 
ture and etched back, leaving a mask covering the sides 
and top surface thereof. The Remaining one or more 
mirror pairs 39 are then etched, preferably using an RIE 
or wet etch, well known in the art This leaves portion 38 
at the base of the mesa-like structure uncovered with 
dielectric layer 40. and susceptible to etching or oxida- 
tion. 

Second mirror stack 37 is formed predominantly of 
alternating low and high aluminum containing layers 
37a and 37b of AIGaAs distributed Bragg reflectors. 
Alternating layer 37a and 37b provide alternating high 
and tow indexes of refraction. In this specific embodi- 
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"Ihe low electrical conductance of portion 38 also 
helps enhance the reliability and lifetime of VCSEL 10 
by allowing undoped second cladding layer 35 to be 
fully depleted, preventing migration of both defects and 
carriers into active layer 34 which causes degradation. 
In some specific applicationsjsome mirror pairs may be 
retained below portion 38. llmplante 42 may optionally 
be formed in these remaining pairs of second mirror 
stack 37 to aid in preventing migration of defects and 
carriers, rt will be understood that portion 38 is still adja- 
cent to active region 32 even though a few mirror pairs 
may intervene. 

* In addition to the depletion of carriers in undoped 
second cladding layer 35 and the optional incorporation 
of implants 42. a monolayer of an indium based alloy 
(e.g. InAIGaP, InAs. etc.). designated 46. can be option- 
ally included n the opening defined by portion 38. All of 
the operating current flowing in VCSEL 30 flows through 
the opening defined by portion 38 and, thus, any defects 
carried by the current must pass through the opening, ft 
has been found that a monolayer of an indium based 
alloy substantially prevents defects from passing there- 
through. Thus, in applications which justify the addi- 
tional steps of forming a monolayer of indium based 
alloy in or between mirror pairs making up the portion 38 
and the opening defined thereby, this feature produces 
additional reduction- in defects migrating to the active 
area and. therefore, further increases the life of VCSEL 
30. 

The size of portion 38 which is removed or oxidized 
depends on the overall diametric size of the mesa, and 
the de sired operating mod e. Preferably, portion 38 is the 
diameter of the mirror pairs outside the desired optical 
mode. Thus, the reduced electrical conductance of por- 
tion 38 results in a tunneling of the current into the 
active region at the optical mode. To achieve a low 
resistance, the diametric size of the mesa_£_substari- 
tially larger than the optical mnrig \hc L u£*p\ tn ^ e 
prefened embodiment, the diametric size of the mesa is 
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at least t wir^ as large jsjhexpetatjpgm'xte 

An electrical contact 43 is formed in contact with at 
least the upper end of second mirror stack 37. Electrical 
contact 43 defines a window 44 for the emission of light 
from VC SEL 30 through second mirror stack 37. A sec- 
" ona electrical contact 45 is positioned over the lower 
surface of first mirror stack 31. The area of electrical 
contact 43 is increased proportional to the increase in 
the diametric size of the mesa-tike structure. Since win-, 
dow 44 for the emission of light remains the same, p en- 
erally corresponding to the optical mode, the l aroerJUe 
diametric size of the mesa-like structure, the larger the 
area of contact 43. This gives a much greater area for 
contact without shadowing the emitting light thereby 
reducing series resistance due to ohmic contact. 

Thus, current injection is controlled, wift current 
inje cted into active region 32 in the optical mode , and 
series resistance is greatly reduced due to the targe dia- 
metric size of second mirror stack 37 and the corre- 
spondingly large area of contact 43. 

Various changes and modifications to the embodi- 
ments herein chosen for purposes of illustration will 
readily occur to those skilled in the art To the extent that 
such modifications and variations do not depart from 
the spirit of the invention, they are intended to be 
included within the scope thereof which is assessed 
only by a fair interpretation of the following claims. 

Having fully described the invention in such clear 
and concise terms as to enable those skilled in the art to 
understand and practice the same, the invention 
claimed is: 

Claims 

1. A high efficiency vertical cavity surface emitting 
laser characterized by: 

first and second mirror stacks (31, 37) with an 
active region (32) sandwiched therebetween 
having an optical mode; 
the second mirror stack (37) being formed Into 
a mesa with exposed end surface and having 
outer sid awaits and a diametric size substan- 
tially greater than the optical mode : 
a portion (38) of the second mirror stack (37) 
adjacent the active region (32) having a 
reduced electrical conductance so as to chan- 
, nel operating current from the second mirror 
stack (37) into the optical mode of the active 
region (32); and — — - 

an electrical contact (43) at least on the end 
surface of the mesa, the electrical contact (43) 
defining a central light emission window (44). 

2. A high efficiency vertical cavity surface emitting 
laser as claimed in claim 1 further characterized in 
that the portion (38) of the second minor stack (37) 
adjacent the active region (32) includes an outer 
periphery of one layer of a mirror pair adjacent the 



active region (32). 

3. A high efficiency vertical cavity surface emitting 
laser as daimed in daim 1 further characterized in 

5 that the second mirror stack (37) includes alternat- 
ing layers of high and low aluminum content 
AIGaAs forming mirror pairs and the portion (38) 
with reduced electrical .conductance includes an 
outer periphery of the high aluminum content 

w AIGaAs layer of the minor pair adjacent the active 
region (32). 

4. A high efficiency vertical cavity surface emitting 
laser as daimed In claim 3 further characterized in 

is that the portion (38) with reduced electrical con- 
ductance includes an oxidized outer periphery of 
the high aluminum content AIGaAs layer adjacent 
the active region (32). 

so 5. A high efficiency vertical cavity surface emitting 
laser as daimed in daim 3 further characterized in 
that the portion (38) with reduced electrical con- 
ductance includes a removed outer periphery of the 
high aluminum content AIGaAs layer adjacent the 

25 active region (32). 

6. A high efficiency vertical cavity surface emitting 
laser as daimed in daim 1 further characterized in 
that the diametric size of the mesa is at least twice 

so as large as the optical mode 

7. A high efficiency vertical cavity surface emitting 
laser as daimed in daim 1 further characterized in 
that a monolayer of indium based alloy is positioned 

35 in the optical mode of the active region (32). 

8. A method of fabricating a high effitiency vertical 
cavity surface emitting laser characterized by the 
steps of: 

40 

forming first and second mirror slacks (31. 37) 
with an active region (32) sandwiched therebe- 
tween and having an optical mode; 
forming the second mirror stack (37) into a 

45 mesa with exposed end surface and having 

outer sidewalls and a diametric size substan- 
tially greater than the optical mode; 
reducing the electrical conductance of a por- 
tion (38) of the second mirror stack (37) adja- 

so cent the active region (32) so as to channel 

operating current from the second mirror stack 
(37) into the optical mode of the active region 
(32); and 

forming an electrical contact (43) at least on 
55 the end surface of the mesa, the electrical con- 

tact (43) defining a central light emission win- 
dow (44). 

9. A method of fabricating a high effidency vertical 
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cavity surface emitting laser as claimed in claim 8 
wherein the step of reducing the electrical conduct- 
ance of a portion (38) of the second mirror stack 
(37) adjacent the active region (32) is further char- 
acterized by reducing the electrical conductance of s 
an outer periphery of one layer of a mirror pair adja- 
cent the active region (32). 

10. A method of fabricating a high efficiency vertical 
cavity surface emitting laser as claimed in claim 9 10 
wherein the step of forming the second mirror stack 
(37) is further characterized by depositing alternat- 
ing layers of high and low aluminum content 
AIGaAs forming mirror pairs. 

15 



20 



25 



30 



35 



40 



45 



SO 



55 



5 



EP 0 772 266 A1 




- JPRZOR ART - 



. 1 




6 



EP 0 772 266 A1 




7 



EP 0 772 266 A1 



European Patent 
Office " ; 



EUKOPEAN SEARCH REPORT 



Application N amber 

EP 96 11 6890 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



p.x 



Citation of document with indication, where appropriate, 
of relevant | 



ELECTRONICS LETTERS, 
vol. 31, no. 7, 30 March 1995, 
pages 554-556, XPOGO5043O9 
SCHNEIOER R P ET AL: 
"GAINASP/ALGAINP-BASED NEAR-1R (780 NM) 
VERTICAL-CAVITY SURFACE-EMITTING LASERS" 
figure 1 * 

APPLIED PHYSICS LETTERS, 
vol. 66, no. 25, 19 June 1995, 
pages 3413-3415, XP009520299 
CHOQUETTE K D ET AL: "CAVITY 
CHARACTERISTICS OF SELECTIVELY OXIDIZED 
VERTICAL-CAVITY LASERS" 

* figure 1 * 

APPLIED PHYSICS LETTERS, 

vol. 58, no. 12, 25 March 1991, 

pages 1247-1249, XPO0O2O9721 

CHANG -HASNAIN C J ET AL: "EFFECT OF 

OPERATING ELECTRIC POWER ON THE DYNAMIC 

BEHAVIOR OF QUANTUM WELL VERTICAL-CAVITY 

SURFACE-EMITTING LASERS" 

* figure 1 * 



1.6.8 



US 5 493 577 A (CHOQUETTE KENT D 

20 February 1996 

* the whole document * 



ET AL) 



The present torch npert has beco dram op for all claim 



Relevant 

to i 



CLASSIFICATION OF THE 
APPLICATION (lolCLi) 



H01S3/085 



1.6 



2-4 



TECHNICAL FIELDS 
SEARCHED (b.LCL«) 



HOIS 



1-4,6.8 



THE HAGUE 



Drfi of cMVkU** at tfat M«a 

31 January 1997 



Claessen, L 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If taken alone 

Y : particularly relevant If combined with another 

document of rbc same category 
A : technological background 
O : ooo-wrtttcD tfbdosnrt 
P : Uteracdiate document 



T : theory or principle underlying the taventioa 
E : earlier pal cot • ocamtni, bet published oo, or 

after the filing date 
D : document cited la the application 
L : iocoiseflt dtcd for other rcasoas 

A : member «f the oax patent family, cOTtsponding 



8 



